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Abstract In order to evaluate the effect of cloud seeding operation for rain suppression during the
opening ceremony of the Nanjing 2014 Youth Olympics Games, the WRF model was used to
simulate the precipitation processes and cloud seeding operation. The present work is the first part
of the study. Firstly, the effects of precipitation simulation using eight microphysics schemes were
evaluated through comparison with the observation. Furthermore, we chose Thompson and
Milbrandt-Yau microphysics schemes to analyze the cloud structures and precipitation formation
mechanisms. Results show that the cloud structures and precipitation mechanisms simulated by the
two microphysics schemes are consistent. The precipitation affecting the Nanjing Olympic Sports
Center on the day of the opening ceremony is generated by the weak mixed convective-stratiform
cloud system, and the precipitation processes are dominated by ice-phased microphysical processes.
The melting of snow is the main source of rainwater, contributing 72% in Thompson microphysics
scheme and 60% in Milbrandt-Yau microphysics scheme, and the evaporation is the main sink term,
which consumes 94% of the rainwater in Thompson microphysics scheme and 95.6% in Milbrandt-
Yau microphysics scheme.

Key Words Cloud seeding operation for rain suppression, mixed convective-stratiform cloud, ice-

phased microphysical processes, rain evaporation, WRF model
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Fig.1 Synoptic weather patterns at 0000 (UTC) on 16 August 2014: (a) 500 hPa; (b) 700 hPa
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Fig.3 Sounding curves at 0000 UTC (first line) and 1200 UTC (second line) on 16 August 2014

over Nanjing: (a, c¢) Stratification curve (temperature (soild line), dew point (dashed line) and
relative humidity (gray thick solid line)); (b, d) corresponding u (westly, solid line) and v (southly,

dashed line) components of the horizontal wind
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Fig.6 The fields of simulated cloud with different cloud microphysics schemes (unit : kg/m?)
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Fig.7 Composite radar reflectivity factor image in simulations with different cloud microphysics

schemes compared to observation at 0500 UTC: (a) Eta; (b) Lin; (c) WSM6; (d) Goddard; (e)
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Fig.8 Composite radar reflectivity factor image in simulations with different cloud microphysics
schemes compared to observation at 1100 UTC: (a) Observation; (b) WSM®6; (c) Thompson; (d)

WDMB6; (e) Milbrandt-Yau; (f) NSSL, unit: dBZ
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Goddard; (e)X¥¢#ll; (f) Thompson; (g) WDMS; (h) Milbrandt-Yau; (i) NSSL, H.47: mm
Fig.9 The fields of accumulation precipitation in simulations with different cloud microphysics
schemes compared to observation from 0000 UTC to 1000 UTC: (a) Eta; (b) Lin; (c) WSM6; (d)

Goddard; (e)Observation; (f) Thompson; (g) WDMS6; (h) Milbrandt-Yau; (i) NSSL, unit: mm
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precipitation rate . The solid and dashed lines represent the simulations with Thompson scheme and

Milbrandt-Yau scheme, respectively
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Fig.11 The vertical cross sections of hydrometeor mixing ratio of cloud water (black contours).
rain water (green contours). ice (light blue contours). snow (dark blue contours). graupel (red
contours). hail (purple contours) and winds (arrows) in different times of Thompson scheme (left
column) and Milbrandt-Yau scheme (right column): (a, b) 0900 UTC (c, d) 1000 UTC; (e, f) 1100
UTC; (g, h) 1200 UTC. Cloud water mixing ratio contours range from 0 to 2 g/kg, with the interval
of 0.1 g/kg, rain water mixing ratio contours range from 0 to 0.3 g/kg, with interval of 0.02 g/kg,
ice mixing ratio contours range from 0 to 0.2g/kg, with the interval of 0.01 g/kg, snow mixing ratio
contours range from 0 to 3.2 g/kg, with the interval of 0.2 g/kg, graupel mixing ratio contours range
from 0 to 0.7 g/kg, with the interval of 0.1 g/kg, hail mixing ratio contours range from 0 to 0.3 k/kg,
with the interval of 0.02 g/kg, the grey thin contours are isotherms, unit:’C, the grey thick contours
are updraft region, where air speed is faster than 1m/s, and the black triangle represents the NOC

location
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Fig.12 Time-height distributions of regionally averaged (red rectangular box in Fig.9) hydrometeor

mixing ratio in Thompson scheme (left column) and Milbrandt-Yau scheme (right column) : (a, b)

cloud water; (c, d) ice; (e, f) snow; (g, h) graupel; (i, j) rain water, and the black dashed lines are

isotherms, unit:"C, except (c) and (d), the unit of hydrometeors content is mg/kg, the rest are g/kg
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Fig.13 Microphysical conversion rates over time of source terms and sink terms of (a, b) rain water
and (c, d) snow in Thompson scheme (left column) and Milbrandt-Yau scheme (right column) (the
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source term is represented by positive value and the sink term by negative value). All the quantities
are averages of the regions specified in Fig.9, and the processes with relatively small contributions

are not shown in the figures
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Fig.14 Vertical distributions of regionally averaged microphysical conversion rates of source terms
and sink terms of (a, b) rain water and (c, d) snow in Thompson scheme (left column) and Milbrandt-

Yau scheme (right column) (averaged from 0900 UTC to 1200 UTC)
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